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band a t  1329 cm-l, and this is consistent with an iso- 
cyanate structure.I8 Ris(cyclopentadieny1)titanium- 
(IV) dicyanate also was assigned the isocyanate struc- 
ture on the basis of the presence of two infrared bands 
a t  1300 and 1370 cm-1.19 It is not possible to state 
with confidence whether the thiocyanate and seleno- 
cyanate are bound through nitrogen or the group VI 
atom. Coutts and W a i l e ~ ' ~  have suggested that the 
titanium compound ( d!jHj)2Ti(NCS)Z is nitrogen 
bonded because of the absence of an infrared band in the 
region 650-800 cm-'. The spectrum of the vanadium 
analog is similar. On the other hand GiddingsZ0 sug- 

(IS) See the discussion by  J. S. Thayer and R. West, Aduaiz. Ovganomatal. 
Chem.,  6 ,  115 (1967). 

(IO) R. S. P. Coutts and P. C. Wailes, Af ts t i d in??  .I. C ' h m . ,  19, 2069 
(1966). 

(20) S. A.  Giddinxs, Tvovr.  C h e i i f . ,  6 ,  819 (l!Mi7). 

gests bonding through sulfur for the titanium coni- 
pound and classifies the bis(cyclopentadieny1) titanium- 
(IV) moiety as a soft acid because of its ease of reac- 
tion with thiols compared to alcohols. With bis(cyc1o- 
pentadienyl)vanadium(IV), the stability of the cyanate 
and azide make the isothiocyanate and isoselenocyanate 
structures plausible. Although much effort has been 
made to determine the mode of attachment of SCN- 
and SeCK- from vibrational spectra, these questions 
cannot be settled with any degree of confidence on the  
basis of infrared data alone, especially when the ~ O K -  

frequency vibrations occur with very low intensity as 
is the case here. 
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The complex anions FeCl&-, C O C I ~ ~ - ,  ZnC&(H,O)-, SnC13-, CdCln2-, and SnC1c2- have been precipitated from aqueous solu- 
tions of the metal chlorides in the presence of excess chloride ion by the cations (T-CbH5)zTi(acac)+ and (a-C6H3)2V(acac) +. 
Conductivity measurements indicate that these compounds are all electrolytes in nitrobenzene solution. Reaction of (7-  

C6H6)2TiIV with the squarate ion, Cn0d2-, gives a compound where squarate appears to function as a simple bidentate ligand 
behaving much like tropolonate. Reactions of (r-ChHS)2Ti(C104)2 and (rr-C6Hs)zT;(C104)2 with ethyl acteoacetate give com- 
plexes of the type [(a-C5H5)2M(C~H~O8)]C104, M = Ti and V. In the vanadium compound the ethyl acetoacetate ligand i.: 
chelated normally, while the titanium analog appears to  involve coordination via one keto oxygen and the "ether" oxygen. 

Introduction 
In previous communications we have described reac- 

tions in aqueous solution of (x-CsH6)zTi(C104)z4 and 
( T - C ~ H ~ ) ~ V ( C ~ O ~ ) ~ ~  with bidentate ligands. Very 
slightly soluble compounds of the type [ (a-CbH&ML]- 
C104 were obtained where M = Ti(1V) or V(1V) and L 
is the conjugate base of acetylacetone, benzoylacetone, 
dibenzoylmethane, and tropolone. Analogous salts 
were obtained when perchlorate was replaced by other 
large uninegative anions like BF4-, PFs-, AsFG-, SbFG-, 
F3CS03-, C13CS03-, (CGHJ~B-, I-, NCS-, and NCSe-. 

It was only possible to coordinate one bidentate 
ligand to the bis(cyclopentadieny1) titanium(1V) or 
-vanadium(IV) moiety, and it was suggested that 

(1) Supported, in part, by the  Xational Science Foundation, Grant GP- 
5022.  

(2) Taken from a thesis submitted by G. D. to the Graduate School of the 
Universityof Minnesota for the Ph.D. degree, 1967. 

(3) NASA Trainee, 1965-1967. 
(4) G. Doyle and R. S. Tobias, I n o v g .  Chem., 6, 1111 (1967). 
( 5 )  G. Doyle and R. S. Tobias, ibid., 7 ,  3479 (1968). 

the ease of preparation of these mono-(3-diketonate 
complexes resulted from the very low solvation energy 
of the complex cation. This suggested that many uni- 
negative complex halogeno anions present in aqueous 
solution might be isolated as salts of these large cations. 
This communication describes the isolation of a number 
of such chloro complexes. 

Although there is a very close parallel between the 
reaction of analogous bis(cyclopentadieny1)titaniutn- 
(IV) and -vanadium(IV) compounds, the reaction 
with ethyl acetoacetate is one case where different 
products are obtained. Structures are suggested for 
these two compounds. 

In an effort to force the coordination of more than 
two oxygen atoms about the bis(cyclopentadieny1) ti- 
tanium(1V) moiety, the squarate complex was syn- 
thesized. Several compounds of the type M(ClO4). 
2H20 with dipositive transition metal cations have been 
prepared, and it has been suggested that they have a 
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long-chain polymeric structure with bridging squarate 
groups and octahedral coordination of the metal ion6 

Experimental Section 
Salts of the 2,4-Pentanedionatobis(cyclopentadienyl)titanium- 

(IV) and -vanadium(IV) Ions with Complex Chloro Anions.-A 
solution of [ (x-C&)2Ti(acac)] +C1- or [ (?r-C6Hs)zV(aCaC)] +C1- 
was formed by stirring a suspension of (?r-C6&)~TiCl? or (7- 

C&)2~~C12 in water containing excess acetylacetone for 1 hr and 
filtering. The filtrate was added to a solution of the metal 
chloride, and the resulting precipitate was collected on a frit, 
washed, and dried. 

(Ethyl acetoacetat0)bis- 
(cycIopentadienyl)titanium(IV) Perchlorate.-A mixture of 50 
ml of dry ethyl acetoacetate, ( T - C ~ H ~ ) Z T ~ C ~ Z  (1.25 g, 0.005 mol), 
and anhydrous AgC104 (2.07 g, 0.01 mol) was stirred for several 
minutes until precipitation was complete. The solution was fil- 
tered t o  remove AgC1, and the solvent was removed on a rotary 
evaporator a t  50" (0.5 mm). When most of the solvent had been 
removed, a deep red oil remained, and this was washed several 
times with moist ether. The insoluble solid material which 
was obtained was ground under ether giving a red violet powder 
which was collected on a frit and dried under vacuum. Anal. 
Calcd for C16H19C10,Ti: C, 47.3; H, 4.71; C1, 8.72. Found: 
C, 46.8; H, 4.30; C1, 8.72.l Infrared bands were observed at  
3016 m*, 2981 w, 2930, vw, 1717 s, 1657 sh, 1641 s, 1576 s, 
1566 s, 1516 s, 1469 w, 1439 m*, 1396 m, 1381 w, 1367 w, 1331 w, 
1321 w, 1291 s, 1278 s, 1213 m, 1183 m, 1091 vw**, 1058 m, 
1013 s*, 972 m, 921 w, 887 m, 837 s*, 798 m, 778 m, 757 vw, 706 
w, 684 m, 647 w, 623 s*, 581 w, 575 w, 505 m, 470 m, 433 w, 
374 m (*, ( T - C ~ H E ) Z T ~ I ~  vibrations; **, c104- vibrations). 
All of the perchlorates will detonate and should be handled with 
care. 

(Ethyl acetoacetato)bis(cyclopentadienyl)vanadium(IV) Per- 
chlorate.-To 50 ml of dry ethyl acetoacetate was added (x -  
CsHs)zVC12 (1.25 g, 0.005 mol) and anhydrous AgC104 (2.1 g,  
0.01 mol). The mixture was stirred for 30 min, the AgCl was re- 
moved by filtration, and the solvent was removed by evapora- 
tion on a rotary evaporator a t  ca. 45" (1 mm). When approxi- 
mately one-fourth of the solvent had been removed, a gray 
precipitate began to form. This product was collected on a frit, 
washed with ether, and dried under vacuum. The compound 
appeared to be an adduct of HC104 and [(x-CjH~)zV(CsH908)]- 
c104. Anal. Calcd for C I ~ H I Y C ~ O ~ V . ~ . ~ H C ~ O ~ :  C, 34.3; 
H, 3.68; C1, 15.8. Found: C, 34.1; H, 4.57; C1, 15.2. 

When this compound was washed with moist ether to remove 
the excess HC104, the color turned gradually to olive green. 
The same green compound can be obtained from (PC6Hs)ZV- 
(c104)~ in ethyl acetoacetate if slightly moist solvents are em- 
ployed. No solid formed until almost all of the solvent had been 
removed by evaporation. The green residue was suspended in 
ether, collected on a frit, and vacuum dried. The compound 
was so explosive that combustion analyses could not be carried 
out. Infrared bands were observed a t  3109 s*, 2981 m, 2936 vw, 
2870, 1584, 1563 vs, 1515 vs, 1475 w, 1444*, 1431 m, 1409 w, 
1365 m, 1294 vs, 1176 s, 1091 vs**, 1065 sh, 1016 m*, 990 w, 
074 m, 840 s*, 784 s, 744 w, 623 SI*, 492 m, 434 w, 405 vw, 344 w 
(*, (?r-C5Hj)2VIV vibrations; **, C104- vibrations). 

(Ethyl acetoacetato)bis(cyclopentadienyl)vanadium(IV) Tri- 
fluoromethanesulfonate, [ ( T - C ~ H ~ ) ~ V ( C ~ H ~ O ~ ) ]  F3CS03.-To 50 
ml of ethyl acetoacetate was added with stirring ( T - C ~ H ~ ) ~ V C ~ Z  
(1.5 g, 0.006 mol). Small portions of AgF3CS03 were added 
until AgCl no longer precipitated. The mixture was filtered, 
and the solvent was removed from the filtrate on a rotary evapo- 
rator a t  45" (0.5 mm). The insoluble solid, green product was 
stirred with several portions of ether and then THF, collected 
on a frit, and dried under vacuum; yield 1.4 g, 51%. Anal. 
Calcd for CI~HIYF~OESV: C, 44.4; H, 4.17; F,  12.4; S, 6.98. 
Found: C, 44.5; H, 3.86; F ,  11.9; S, 6.14. Infrared bands 

Reactions with Ethyl Acetoacetate. 

(6) R. West and N. Y .  Niu, J .  A m .  Chem. Soc., 86,  2589 (1963). 
(7) Microanalyses by Clark Microanalytical Laboratory, Urbana, Ill. 

were observed at  3108 s*, 2981 m, 2935 vw 2870 vw, 1587 vs, 
1555 s, 1514 vs, 1469 w, 1448 m*, 1431 m, 1405 w, 1368 m, 1294 
vs, 1260 vs**, 1220 s**, 1173 s, 1152 s**, 1126 w**, 1058 m, 1028 
s**, 1015 sh, 988 w, 972 m, 840 s*, 800 vw, 776 s**, 750 m, 737 w, 
635 s**, 609 w**, 571 m**, 517 m**, 489 m, 430 w, 405 vw (*, 
(T-CEH~)?V" vibrations; **, F3CSOs- vibrations*). 

1,2-Dihydroxycyclobutenedionatobis(cyclopentadienyl)tita- 
nium(IV), (~-C~H~)~Ti(C~O~).-Squaric acid, 1,2-dihydroxycyclo- 
butenedione, was prepared from 1,2-dichlorotetrafluorocyclobu- 
tene by the method of West, et a lS9  This was converted to the di- 
potassium salt by adding the equivalent amount of KOH t o  the 
acid. To a solution of (T-C~H~)?T~(C~O& (0.005 mol) in 50 ml 
of water was added a slight excess of K&40a. The reddish orange 
precipitate which formed immediately was collected on a frit, 
washed several times with water, ethanol, and ether, and dried 
under vacuum, mp ca. 220' dec. Anal. Calcd for ClaHloOaTi: 
C, 58.0; H, 3.77. Found: C,  56.8; H,  3.87. Infrared 
bands were observed a t  3090 m*, 1786 m, 1691 s, 1532 vs, b, 
1435 s, b, 1399 vs, 1355 m, 1063 m, 1012 in*, 874 w, 826 s*, 815 s, 
738 m, 676 m, 431 w, 401 m, 383 m, 348 w, 327 w (*, (X-CjH5)Z- 
TiIV vibrations). 

Infrared Spectra.-The infrared spectra were recorded on a 
Perkin-Elmer 521 spectrometer using the split-mull technique 
and both NaCl and CsI windows. Calibration was effected with 
polystyrene film. 

Conductivity Measurements.-Conductivities were measured 
with the apparatus and procedures described previously.6 

Results 
Chloride analyses and conductivity data for the salts 

containing the complex chloro anions are listed in Table 
I. 

TABLE I 
CHLORIDE ANALYSES AND MOLAR CONDUCTIVITIES OF 

SALTS CONTAINING COMPLEX CHLORO ANIONS 
Molar 

% chloride conductivityb 
Calcd Found ohm-' Concn, M 

Compounda cm2 

[(?r-Cp)tTi(acac)] [FeCla] 29.9 30.9 31.4 0.00060 
[(?r-Cp)~Ti(acac)] [SnC13] 2 1 . 2  21.6 27.2 0.00053 
[(?r-Cp)~Ti(acac)l [HgCLI 18.2 18.1 29.7 0.00040 
[(r-Cp)~Ti(acac)][ZnCl~(H20)] 22.8 22.7 26.2 0.00166 
[ (?r-Cp)~Ti (acac)] z [CdCld] 17.5 17.4 56.5 0.00030 

[ (r-Cp)aV(acac)l [FeCLI 29.5 28.8 29 .7  0.00136 
[ (r-Cp)zV(acac)] [SnClaI 21.0 21.0 27.0 0.00119 

[ (  ?r-Cp)~V(acac)]~[CoCl~l 18.6 19.2 54.6 0.00020 
[( ~ - C p ) ~ V ( a c a c ) ] ~  [CdCld 17.4 17 .8  51.5 0.00043 

[ (~-Cp)~Ti(acac)] z [SnCl~l 24.0 23.6 c . . .  

[(?r-Cp)zV(acac)l [HgClal 18.1 17.7 c . . .  

[ (?r-Cp)zV(acac)l~ [SnCl~l 23.8 24.0 c . . .  
a ?r-cp = T - C ~ H ~ .  * Nitrobenzene solution, 25'; values in the 

range 22-34 ohm-l cm2 are typical for 1:  1 electrolytes while 
values of 38-53 ohm-' cmz are characteristic of 2:  1 electrolytes: 
C. M. Harris and R. S. Nyholm, J .  Chem. Soc., 375 (1956). 
c Conductivity measurements could not be made on these salts 
because of their extremely low solubility. 

Vibrational frequencies for some of the complex 
chloro anions are listed in Table 11, and the spectra be- 
low 600 cm-l for several are illustrated in Figure l. 

The infrared spectra of [(s-CjH&Ti(C6H903) IC104 
and the vanadium(1V) analog are illustrated in 
Figure 2 .  The equivalent conductivity for the titanium 

(8 )  Assignments of the FsCSOa- vibrations were made on the basis of 
unpublished Raman and infrared studies by M. G. Miles, G. Doyle, and R. S. 
Tobias. 

(9) R. West, H. Y.  Hiu, and M. Ito, J .  A m .  Chem. Sod., 86,  2584 (1963). 
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Figure 1.-Vibrational spectra for several bis(cyclopentadienyl)titanium(IV) and -vanadium( IV) salts containing complex chloro 
anions. 

TABLE I1 
ANION VIBRATIOSS FOR SOME SALTS COXTAINING 

COMPLEX CHLORO ANIONS 

, - - - - - - - - - v ( A I - C I ) ,  cm-'----- 
Compound Obsd Lit. 

[(r-Cp)pTi(acac)] [HgCla] 276 vb, m 282,287 (Raman, 
melta) 

[(?r-Cp)zTi(acac)] [SnCls] 303 s, 314 s 313 (ir, mullb) 
311 (Raman, 
aq, ir inactivec) 

[(a-Cp),Ti(acac)] [FeCI,] 329 vw, 380 vs 330 (ir inactive), 
385 (Raman, 

[(r-Cp)pTi(acac)] [SnCl8] 240 s, 290 s 256,297 (Raman, 

[(r-Cp)pTi(acac)] [ZnCl8(0H~)1 295 s, 320 s 286 (Raman, a$) 
[(~-Cp)nV(acac)] [CoCL] 302 m 297 (ir, mullg) 

a G. J. Janz and D. W. James, J .  Chem. Phys., 38,905 (1963). 
b J. Haraishi, I. Nakagawa, and T. Shimanouchi, Spectrochim 
Acta, 20, 819 (1964). c L. A. Woodward and L. E. Anderson, 
J .  Chem. SOC., 1248 (1957). d L. A. Woodward and M. J. Taylor, 
ibid., 4473 (1960). e L. 8. Woodward and M. J. Taylor, ibid., 
407 (1962). f D. F. C. Morris, E. L. Short, and D. N. Waters, 
J .  Innorg. Nucl. Chem., 25,975 (1963). g A. Sabatini and L. Sac- 
coni, J .  Am. Chem. SOC., 86, 17 (1964). 

aqd 1 

sohe)  

compound was 27.4 ohm-' cm2 (0.00065 M )  and that 
for the vanadium compound was 37.2 ohm-' cm2 
(0,00058 M). With the trifluoromethanesulfonate 
anion, the vanadium chelate had a molar conductivity 
of 32 ohm-' cm2 (0.00068 M ) .  All values were deter- 
mined a t  25" with nitrobenzene solutions. 

Discussion 
Many uninegative chloro complexes can be isolated 

from aqueous solution as the bis(cyclopentadienyl) ti- 
tanium(1V) and -vanadium(IV) salts. With the 
exception of bands assigned to the anions, the infrated 
spectra are all the same as for the perchlorate and tri- 
fluoromethanesulfonate salts. 4 , 5  Consequently, it is 
extremely unlikely that any of these salts involve halide 
bridging to the titanium or vanadium atoms. The ti- 
tanium complex cation should be especially useful for 
isolating anionic complexes, since it is diamagnetic and 
does not absorb in much of the visible region of the 
spectrum. 

In most cases, a uninegative complex anion is pre- 
cipitated from the metal chloride solutions, and the 
conductivity data indicate that these compounds all 
behave as 1 : 1 electrolytes in nitrobenzene solution. 
Only in the cases of Cd(II), Co(II), and Sn(1V) are 
dinegative anions precipitated, perhaps indicating that 
low concentrations of the uninegative complex ions are 
present in the solutions which have high concentrations 
of chloride ion. In  all cases, the metal-chlorine stretch- 
ing frequencies observed in the infrared spectra are con- 
sistent with the presence of the complex chloro anions. 
With Zn2+, an aquotrichlorozincate(I1) anion is pre- 
cipitated, and the coordinated water can be identified 
by its intense infrared absorption. Isolation of this 
ZnC13(H20)- anion is of some interest, since it has been 
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suggested on the basis of Raman spectra of aqueous 
ZnClz solutions containing excess chloride ion that the 
tetrachlorozincate ion is octahedral] ;.e., that it  is di- 
aquotetrachlorozincate(I1) .lo More recent studies of 
these solutions by Quicksall and Spiroll have indi- 
cated that this is incorrect and that is tetra- 
hedral. Irish, et al., found no evidence for the tri- 
chloro complex from their Raman spectra, while Morris, 
et a1.,lZ did. Gilbert's in interpreting his Raman spec- 
tra of these solutions assumed the trichloro complex to 
be absent. Although structures can change from the 
solution to the solid state and the precipitation of a 
complex from solution does not necessarily mean that 
it is the predominant species in solution, the isolation of 
[ (a-CgH&Ti(acac) ] [ZnC13(HzO) ] does indicate that 
the aquotrichlorozincate(I1) is a rather stable ion. 

The squarate complex has the empirical formula 
( R - C ; H ~ ) ~ T ~ C ~ O ~ .  The infrared spectrum is not in 
agreement with the polymeric structure with bridg- 
ing squarate ions as is apparently formed in NiC404. 
2Hz0, MnC404.2H20, and CuC404.2HzO. The vi- 
brational spectrum would appear to be much too com- 
plex for such symmetrical coordination of the squarate 
ion. In  the divalent transition metal hydrate com- 
plexes] there are only four infrared bands which can be 
attributed to the squarate ligand indicating that the 
effective symmetry is very high. For (n-CsH&Ti- 
(2404, there are 16 infrared bands between 300 and 1800 
cm-1 which are assigned to the squarate ligand. As- 
signments of the vibrations localized primarily in 
the bis(cyclopentadieny1) titanium(1V) moiety were 
made on the basis of the earlier studies4 The divalent 
transition metal compounds also give no carbonyl bands 
above 1600 cm-l which is good evidence that all four 

(10) D. E. Irish, B. McCarroll, and T. F. Young, J .  Chem. Phys., 88, 3436 
(1 963). 

(11) C. 0. Quicksall and T. G. Spiro, Inovg. Chem., 5, 2232 (1966). 
(12) See footnote f of Table 11. 
(13) B. Gilbert, Bull. SOC. Chim. Belpes, 76, 493 (1967). 

oxygen atoms are coordinated to the metal ion. With 
(a-CgH&TiC404, there is a medium-intensity band 
a t  1786 and a strong band a t  1691 cm-' indicating un- 
coordinated oxygens. In  this compound, the squarate 
ion appears to be behaving as a bidentate ligand. A 
monomeric structure (I) is possible. The extremely 
low solubility of the compound M in C6H5N02, 
much less in less polar solvents) suggests that  the squar- 
ate may be bridging (11). Because of the very low 
solubility, molecular weights could not be obtained 
to distinguish between these. 

cp' p'Ti'o '0 K 
I 

f i  
0 0  

A 
0 0  

Since the acid dissociation constant for ethyl aceto- 
acetate is comparable to that of the p-diketones, it  was 
thought that complexes of bis(cyclopentadieny1) ti- 
tanium(1V) and -vanadium(IV) with this P-keto 
ester similar to those of the P-diketones could be syn- 
thesized. When reactions similar to those used for the 
preparation of the latter complexes were carried out, 
;.e., the reaction of ethyl acetoacetate with aqueous so- 
lutions of (a-C 6H&Ti ( C104) 2 and ( R- CjHg) ZV ( ( 3 0 4 )  2, 

no complexes could be isolated. Using ethyl acetoace- 
tate as the solvent, [ (a-CjH&Ti(CBHgO3) ]C104 is 
formed. With slightly moist solvents, the vanadium 
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analog was also prepared Because of the extremely 
explosive nature of the latter compound, good analyses 
could not be obtained However, [ (n-C&)2V(C&g- 
03) ]F3CS03 was prepared under the same conditions, 
and the infrared spectra of the perchlorate and tri- 
fluoromethanesulfonate are identical except for the 
anion vibrations. Under anhydrous conditions, a com- 
plex perchlorate with the approximate composition 
[(n-CjH&V(CsH903) ]C104.1.5HC104 was obtained, and 
this could be freed of perchloric acid by washing with 
moist ether. The compounds are both very insoluble 
in inert solvents such as benzene and chloroform, and 
dissolution in acetonitrile, dimethylformamide, or di- 
methyl sulfoxide is accompanied by reaction and dis- 
placement of the p-keto ester ligand. Reaction of 
either compound with concentrated hydrochloric acid 
yielded the bis(cyclopentadieny1)metal dichloride. 
This, together with the analyses, shows that the formu- 
lation as bis(cyclopentadieny1) complexes is correct. 
iz comparison of the infrared spectra of the titanium 

and vanadium ethyl acetoacetate complexes shows that 
they must have fundamentally different structures. 
Although the characteristic frequencies of the cyclo- 
pentadienyl groups and the perchlorate ion can be seen 
in the spectra of both salts, the ethyl acetoacetate ligand 
vibrations are distinctly different. In the case of the 
vanadium compound, the lack of any free carbonyl ab- 
sorption above 1600 cm-’ suggests that the ligand is 
chelated through the two keto oxygens in [(n-C5H&V- 
(C6HS03) IC104. The close similarity of the infrared 
spectrum to that of the acetylacetonate analog indicates 
that the compound has structure 111. This ionic struc- 

‘OC,HS 

I11 

ture is supported by the fact that the conductivity in 
dilute nitrobenzene solutions is typical for a 1 : 1 elec- 
trolyte. 

In the case of the titanium compound [(x-CsHJ2Ti- 
(C6H903) IC101, the presence of intense infrared bands 
at 1717, 1657, and 1641 cm-l is good evidence for a free 
carbonyl group in the molecule (the carbonyl absorp- 
tions of free ethyl acetoacetate (92.5% keto form) occur 
a t  approximately 1725 and 1745 cm-l). The con- 
ductivity data indicate that this compound is also a 1 : 1 
electrolyte. Unfortunately, the very low solubility 
made it impossible to obtain a pmr spectrum. The in- 
frared spectrum, together with the molar conductivity 
and analytical data, suggests a bidentate chelate struc- 
ture with coordination through one keto oxygen and thc 
“ether” type oxygen atom (IV).  This structure, to- 

IV 

gether Ivith the observation that the coordinatcd ligand 
of the vanadium compound can be protonated in per- 
chloric acid solution, suggests that the keto and ether 
oxygens are of comparable donor strengths. Several 
titanium(1V) chelates with @-keto esters such as Clz- 
Ti(CsH903)214 and Ti(OCH3)2(CoH903)21j have been 
prepared and are very similar to the analogous @-dike- 
tonate complexes. They have been assumed to have 
the normal chelate structure. The steric requirements 
of an ethyl acetoacetate ligand would not be much 
greater than the acetylacetonate group ; moreover, if 
steric effects were important they should be more pro- 
nounced with the smaller vanadium atom. 
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